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EXPERIMENTAL WAKE SURVEY BEHIND

VIKING '75 ENTRY VEHICLE AT ANGLES OF ATTACK OF 0 °, 5°, AND 10 °,

MACH NUMBERS FROM 0.20 TO 1.20, AND LONGITUDINAL STATIONS

FROM 1.50 TO 11.00 BODY DIAMETERS

By Clarence A. Brown, Jr., and James F. Campbell

Langley Research Center

SUMMARY

An investigation was conducted to obtain flow properties in the wake of a prelimi-

nary configuration of the Viking '75 Entry Vehicle at Mach numbers from 0.20 to 1.20 and

at angles of attack of 0 o, 5°, and 10 °. The wake flow properties were calculated from

total and static pressures measured with a pressure rake at longitudinal stations varying

from 1.50 to 11.00 body diameters.

With the Viking Entry Vehicle at a = 0 o, the wake properties were essentially

symmetrical about the longitudinal axis and the largest differences in the profiles

occurred at the smallest longitudinal distances. An unexpected reduction in center-line

dynamic-pressure ratio occurred as the Mach number was increased from 0.60 to 1.00;

this ratio then increased for a Mach number of 1.20. This dynamic-pressure reduction

was largest at the smallest longitudinal distance but was still present at the greatest

longitudinal distance.

The primary effect of angle of attack of the Viking Entry Vehicle on the wake prop-

erties was to shift the profiles away from the a = 0 o center-line values.

INTRODUCTION

Knowledge of the flow structure of the wake generated by blunt bodies has been of

interest because of the influence on the drag and stability characteristics of decelerator

systems operating in these flow fields. These flow structures are difficult to predict and

the effects on drag and stability characteristics of bodies immersed in the wake are not

well understood. Currently, a program is underway to "soft land" an unmanned vehicle

on the planet Mars and this program will utilize a parachute deployed into the wake gener-

ated by a blunt body. This program has been designated as Viking '75, and the spacecraft

will arrive at Mars in mid 1976.



Recently, work hasbeencompletedto measure the flow properties behind blunt
bodies; someof these results are presented in references 1 to 6. Other investigations
of importance to the study of the wake generatedby the blunt bodies are presented in
references 7 to 21. Becauseof the requirement that the decelerator system wouldbe
deployedat supersonic speeds,manywake investigations were centered in that speed
region. (Seerefs. 1 to 6.) Sincethe decelerator system must operate at lower flight
speeds,it is desirable to acquire test results at subsonic speeds. Accordingly, an inves-
tigation hasbeen conductedto obtain flow properties in the wake of a preliminary con-
figuration of the Viking '75 Entry Vehicle at Machnumbers from 0.20 to 1.20and angles
of attack of 0°, 5°, and 10°. The wake properties were calculated from total and static
pressures measuredwith a pressure rake at longitudinal stations varying from 1.50
to 11.00bodydiameters. Free-stream Reynoldsnumber varied from 3.97x 106per
meter (1.21x 106per foot) at Moo= 0.20 to 13.84 x 106 per meter (4.22 x 106 per foot)

at Moo = 1.20.

Previous tests have been made with four different configurations, two 120 ° included-

angle cones, a 140 ° included-angle cone, and the Viking '75 Entry Vehicle at Mach num-

bers from 1.60 to 3.95 and are presented in references 3 to 6. The data contained in this

paper and the data presented in references 3 to 6 are intended to make available without

analysis the wake data in the form of curves and tables to interested persons.

SYMBOLS

Measurements and calculations were made in the U.S. Customary Units. They are

presented herein in the International System of Units (SI) with equivalent values given

parenthetically in U.S. Customary Units.

D cone base diameter, 12.192 cm (4.80 in.)

M 1

Moo

Pl

Po¢

Pt,_

local Mach number

free-stream Mach number

local static pressure, N/m 2 (lb/ft 2)

free-stream static pressure, N/m 2

free-stream total pressure, N/m 2

(lb/ft 2)

(lb/ft 2)



ql

qoo

V1

Voo

X,Y,Z

X

Y

Z

O_

local dynamic pressure, N/m 2 (lb/ft 2)

free-stream dynamic pressure, N/m 2

local velocity, m/sec (ft/sec)

free-stream velocity, m/sec (ft/sec)

(lb/ft 2)

coordinate axes

longitudinal distance downstream from maximum diameter of model,

cm (in.)

lateral distance from model-rake plane, cm (in.)

vertical distance measured in model-rake plane at zero angle of attack of

model, cm (in.)

angle of attack of model center line, deg

APPARATUS AND MODEL

Wind Tunnel

The investigation was conducted in the Langley 8-foot transonic pressure tunnel.

This facility is a single-return, rectangular, slotted-throat tunnel having controls that

allow for the independent variation of Mach number, density, temperature, and humidity.

The stagnation temperature and dewpoint were maintained at values sufficient to avoid

significant condensation effects. Additional information on the Langley 8-foot transonic

pressure tunnel may be found in reference 22.

Model and Instrumentation

A sketch of the model used in the test program is shown in figure 1. The prelimi-

nary version of the Viking '75 Entry Vehicle was constructed of polished aluminum and

had a base diameter of 12.192 cm (4.80 in.). The basic component of the model was a

140 ° cone which had a spherical nose radius of 0.25 body diameter and a small shoulder

radius at the point of maximum diameter; the shoulder radius was an exact scale of the

Viking Entry Vehicle. The afterbody was composed of frustums of two cones. The pres-

ent configuration of the Viking '75 Entry Vehicle has slight differences in the nose radius

and afterbody section from the model used in this test.



Themodel was supported in the test section by a sting protruding through the rake
and mountedin the tunnel support system. (Seefig. 2.) The model angle of attack,
illustrated in figure 3, was obtainedby including a short adapter betweenthe model and
sting.

The pressure rake, illustrated in figure 4, wasused to perform the rake survey
behind theViking '75 Entry Vehicle. The rake was 29.21cm (11.50in.) high and was
composedof 42 total-pressure tubes 0.64cm (0.25 in.) apart and 22 static-pressure tubes
1.27cm (0.50in.) apart. The rake was designedso that the sting mounting the Viking '75
Entry Vehicle couldbe movedin andout to obtain a variation in x/D distances. The
rake was connectedto a sting which, in turn, was attachedto a standard sting-support
system.

The pressures were recorded by using two 48-channelpressure-sampling gages.
The gageusedto record total pressure hada range of 68947N/m 2 (1440lb/ft 2) absolute
andwas referenced to free-stream static pressure. The gageused to record the static
pressure hada maximum range of 34 474N/m 2 (720lb/ft 2) absolute andwas also ref-
erenced to free-stream static pressure.

TESTSANDACCURACY

The tests were performed at Machnumbers of 0.20, 0.40, 0.60, 0.80, 1.00, and 1.20.
The Reynoldsnumber varied from 3.97X 106per meter (1.21× 106per foot) at Moo= 0.20

to 13.84 X 106 per meter (4.22 X 106 per foot) at Moo = 1.20. The nominal test conditions

for each Mach number were as follows:

Moo

N//m 2

0.20 98 729

.40 90 828

.60 79 385

.80 66 505

1.00 53 434

1.20 41 991

Poo

lb/ft 2

2062

1897

1658

1389

1116

877

N/m2

2 763

10 151

20 062

29 829

37 538

42 182

qoo

lb//ft 2

57.7

212

419

623

784

881

Pt,oo

N/m 2

101 505

101 505

101 505

101 505

101 505

101 505

lb/ft 2

2120

2120

2120

2120

2120

2120

The nominal test conditions tabulated apply to all runs except runs at Moo = 1.00,

=0 °, x/D= 5.00, and x/D =8.39 and Moo= 1.20, _= 10 °, x/D= 5.00, and

x/D = 8.39. These excepted runs _vere conducted when the tunnel was in operation at

1/2 atmosphere (poo = 26 812.8 N/m 2 (560 lb/ft2)).
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The pressures in the wake of the Viking '75 Entry Vehicle were measured by means

of electrically actuated pressure scanning valves that record essentially instantaneous

values. The rake was mounted vertically in the tunnel and was positioned in a longitu-

dinal direction at stations measured from the maximum diameter of the body.

Accuracy of the pressure-scanning valves is within 1 percent of full scale of the

gage; this accuracy includes all errors of linearity, hysteresis, and repeatability. The

free-stream stagnation pressure was measured with a precision mercury manometer,

the accuracy of which is ±23.94 N/m 2 (+0.50 lb/ft2).

The accuracy of the individual quantities is estimated to be within the following

limits:

Pt oo'N/m2 (lb/ft2) ............................ 689.5 (14.4)

PllN/m2 (lb/ft 2) ............................. 344.7 (7.2)

x, cm (in.) ................................ 0.0254 (0.01)

y, cm (in.) ................................ 0.0254 (0.01)

M = 0.40 ..................................... ±0.003
cO

Moo = 1.20 ..................................... +0.01

A quick reference of the angle of attack and longitudinal distances where wake prop-

erties were measured are represented by an X in the following schedule:

c_, x/D distances

Moo deg 1.50 2.50 5.00 6.00 7.00 8.39 9.00 10.00 11.00

0.20 0 X X X X

5 X X X X X X

10 X X X X X X

0.40 0 X X X X X X X X X

5 X X X X X X

10 X X X X X X X

0.60 0 X X X X X X X X X

5 X X X X X X

10 X X X X X X X

0.80 _ 0 X X X X X X X X X

5 X X X X X X

10 X X X X X X X

1.00 0 X X X X X X X X

5 X X X X X X

10 X X X X X X X

1.20 0 X X X X X X X

5 X X X X X X

10 X X X X X X X
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TABULATION OF EXPERIMENTAL DATA

Flow properties calculated from measured total and static pressure in the wakeof
the Viking '75 Entry Vehicle configuration are presented in tables 1 to 18. The tabula-
tions consist of the local flow properties for Machnumber, velocity, static pressure, and
dynamic pressure. Eachproperty hasbeen nondimensionalizedby its respective free-
stream value. The data are identified by the necessary geometric information to deter-
mine the longitudinal position in the flow field aft of the body. The appropriate normal-
shock expressionsand isentropic flow relations were usedin con]unctionwith the
measured total and static pressures to obtain the desired flow properties.

The designof the pressure rake is such that there is a displacement of 1.52cm
(0.60 in.) betweenthe total- and static-pressure tubes. The total-pressure tubeswere
alined with the center line of the body at all times. Becauseof the tunnel restrictions, no
attempt was madeto measure static pressures at the same lateral station that wasused
to measure the total pressures.

PRESENTATIONOF DATA

The flow properties calculated from the measuredtotal andstatic pressures in the
wake of the Viking '75 Entry Vehicle configuration are presented in figures 5 to 22 and

tables 1 to 18 for Mach numbers of 0.20, 0.40, 0.60, 0.80, 1.00, and 1.20 and for body angles

of attack of 0°, 5 °, and 10 °. These data consist of ratios of local to free-stream conditions

of Mach number, velocity, static pressure, and dynamic pressure presented as a function

of vertical distance z/D measured from the model-rake center line in the model-rake

plane. The model was mounted in the tunnel by use of a sting support. Although a wall

support strut is a more desirable mounting arrangement, it was not possible to use in

these tests because of the large span requirement and the vibrations generated during the

test. Both the wall support and sting support will introduce some interference effect; a

wall strut, however, has the advantage of permitting pressure data to be measured along

the wake center line. The use of the sting-supported model and rake did not allow pres-

sures to be measured at the wake center line; however, based on the studies presented in

references 1 to 6, the authors have faired the data through this region. Fairing with the

Viking Entry Vehicle at _ = 0 ° is extremely reliable since the flow behind the Viking

Entry Vehicle would be symmetrical about the wake center line. Fairing with the Viking

Entry Vehicle at 5° and 10 o presents a little greater problem because of the boundary-

layer buildup on the model sting; however, values shown for _ = 5° and 10 ° are believed

to be reliable.



Zero Angle of Attack

Presented in figures 5 to 10and tables 1 to 6are plotted andtabulated flow prop-
erties for Machnumbers of 0.20, 0.40, 0.60, 0.80,1.00, and 1.20, x/D distances (longi-
tudinal) varying from 1.50 to 11.00body diameters, y/D distances (lateral) of zero, and
Viking Entry Vehicle angle of attack of 0°. Examination of these datashows that the var-
ious ratios are essentially symmetrical aboutthe X-axis (z/D = 0). Further examination

of the dynamic-pressure ratios (an important parameter in determining parachute effi-

ciency) shows that at a specific Mach number, the differences between the dynamic pres-

sure in the wake and in the free stream are greatest in the wake center at x/D = 1.50

and generally decrease as x/D or z/D increases. At x/D distances of about 9.00

and greater, only small changes are noted in the dynamic-pressure profiles. At a Mach

number of 1.20, the dynamic-pressure profiles are similar to those published in refer-

ences 4 and 6 for a Mach number of 1.60. At the largest z/D distance (z/D = +1.198),

the dynamic-pressure profiles were approaching free-stream values. One important

trend was noted at the wake center line, an unexpected reduction in center-line ql/qoo

ratio occurred in the Moo = 0.60 to Mo_ = 1.00 speed range. At a constant x/D dis-

tance of 5.00, the center-line value of ql/qoo decreased from about 0.53 at Moo = 0.40

to about 0.17 at Moo = 1.00, and then increased to approximately 0.3 at Moo = 1.20. This

trend was found to be consistent with the data obtained during a drag investigation of a

disk-gap-band parachute behind the Viking Entry Vehicle. (See ref. 23.) This decrease

near Moo = 1.00 was not as severe at an x/D of 11.00 as at smaller x/D values but

the reduction at Mo_ = 1.00 was present throughout the x/D range of the investigation.

Other Angles of Attack

Vehicle angle of attack other than 0 ° will occur for the type of entry considered for

the Viking mission. Changes in angle of attack from _ = 0 ° will result in changes in

the wake structure, which, in turn, will influence the behavior of a decelerator (for exam-

ple, parachute) system operating downstream of the vehicle. The resulting changes in the

wake structure could result in the parachute not being alined with the forebody at deploy-

ment; thereby asymmetrical loading in the riser and bridle lines would result.

Figures 11 to 16 and tables 7 to 12 present the plotted and tabulated flow properties

for Mach numbers of 0.20, 0.40, 0.60, 0.80, 1.00, and 1.20, x/D distances (longitudinal)

varying from 6.00 to 11.00 body diameters, y/D distances (lateral) of zero, and the

Viking Entry Vehicle angle of attack of 5 ° . Figures 17 to 22 and tables 13 to 18 present

the plotted and tabulated flow properties for Mach numbers of 0.20, 0.40, 0.60, 0.80, 1.00,

and 1.20, x/D distances varying from 5.00 to 11.00 body diameters, y/D distances of

zero, and the Viking Entry Vehicle angle of attack of 10 °.



The primary angle-of-attack effect is to shift the profiles awayfrom the _ = 0°

center-line values, and the wake properties (ql/q_ , MI/M_, V1/V_, and pl/p_)at
the measuring limits (z/D = +1.198) do not appear to be affected by the change in angle of

attack. This shift from minimum values of the wake properties to positive values of z

occurs because the orientation of the vehicle's lift vector in the negative z-direction

results in a corresponding upwash in the wake. The shift in profiles is greater at

= 10 ° than at _ = 5° especially at x/D distances near 5.00. At large x/D dis-

tances (x/D = 11.00), the shift from the c_ = 0 o center-line values is still larger for

= 10°; however, the difference is much less. At the largest x/D distance, the wake

properties have smooth variation over the measuring distance of the rake (+z/D = 1.198).

CONCLUDING REMARKS

An investigation was conducted to obtain flow properties in the wake of a prelimi-

nary configuration of the Viking '75 Entry Vehicle at Mach numbers from 0.20 to 1.20 and

at angles of attack of 0 o, 5 o, and 10 o. The wake flow properties were calculated from

total and static pressures measured with a pressure rake at longitudinal stations varying

from 1.50 to 11.00 body diameters. With the Viking Entry Vehicle at an angle of attack

of 0 °, the various wake properties were essentially symmetrical about the longitudinal

axis and the largest differences in the wake profile occurred at the smallest longitudinal

distances. An unexpected reduction of center-line dynamic-pressure ratio occurred as

the Mach number was increased from 0.60 to 1.00, and then increased for a Mach number

of 1.20. This dynamic-pressure reduction was largest at the smallest longitudinal dis-

tance but was still present at the greatest longitudinal distance of the tests.

The primary effect of angle of attack of the Viking Entry Vehicle on the wake prop-

erties was to shift the profiles away from the center-line values at an angle of attack

of 0 °.

Langley Research Center,

National Aeronautics and Space Administration,

Hampton, Va., July 13, 1973.
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Figure I.- Sketch of Viking Entry Vehicle model used in wake survey. All

dimensions are in centimeters (inches).
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z/D 0

-1.4
0 .2 .4 .6 .8 1.0

Rati o

(a) x/D = 6.00.

Figure 5.-Variation of pl/poo, ql/qoo, M1/Moo , and V1/Voo with z/D in wake

of Viking Entry Vehicle at Mach number of 0.20, y/D = 0, _ = 0 °, and

Reynolds number of 3.97 × 106 per meter (1.21 × 106 per foot).
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(b) x/D = 9.00.

Figure 5.- Continued.
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(c) x/D = 10.00.

Figure 5.- Continued.
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zlb 0

.6 .8 1.0
Ratio

(d) x/D = 11.00.

Figure 5.- Concluded.
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(a) x/D= 1.50.

_u_e_.-_=_o. o, _/_, _/_, _/,_, _.__i_ w_ ,/D _.w_e
of Viking Entry Vehicle at Mach number of 0.40, y/D = 0, _ = 0°_ and

Reynolds number of 7.54 X 106 per meter (2.30 x 106 per foot).
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Ratio

(b) x/D= 2.50.

Figure 6.- Continued.
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Ratio

(e) x/D = 5.00.

Figure 6.- Continued.
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(d) x/D: 6.00.

Figure 6.- Continued.
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z/D 0

-1°4
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Ratio

(e) x/D = 7.00.

Figure 6.- Continued.
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(f) x//D = 8.39.

Figure 6.- Continued.
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Figure 6.- Continued.

91



1.4

Io2'

1.0

.8

.6

zln

.4

.2

Diii! i:_ii_!¸ ! ::i_!_i!_!ii!i:ii!!iii

-.2

-.4

-.6

.8

-I .0

-I.

-i

IL !!= [:7!:i!̧ li: t: / f: =

=i:_, _:!iTil!iiii_:il:ii:ii:[i:_[_:_:,, :r

,:_ii!i!
iiii!:_

/ iili

i ¸ 7i:fi

!!_!_?:!i!__!!!!!_!_!!_!_i_!!!!!_:ii!!!!_
) , : !,LIIZIII,I!I!!I!:I,iiii!i:!,ii::iii
)ii_ii!!_ii!ii:_i_ii!iii_iiiiiiii i:iiii!ii _iiiiiil

':_-,__i_ _t_- ::_.ii_iii.:.:..i_.i
¥i:i:i,iii_iiii:_ii,[iiiii_iil,_i,ii,_l:_i,_iii,,,iiliiii!ii_iiiiii:iii,:iiii

0 .2 .4 .6 .8 1.0 ] .2 1.4 l .6

Rati o

(h) x/D = 10.00.

Figure 6.- Continued.
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(i) x/D = 11.00.

Figure 6.- Concluded.
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(a) x/D= 1.50.

Figure 7.-Variation of pl/Poo , ql/q_, M1/Moo , and V1/Voo

of Viking Entry Vehicle at Mach number of 0.60, y/D = 0,

Reynolds number of 10.40 × 106 per meter (3.17 × 106 per foot).

with z/D in wake

ol = 0 °, and
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(b) x/D = 2.50.

Figure 7.- Continued.
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(c) x/D = 5.00.

Figure 7.- Continued.
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(d) x/D= 6.00.

Figure 7.- Continued.
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(e) x/D = 7.00.

Figure 7.- Continued.
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(f) x/D = 8.39.

Figure 7.- Continued.
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(g) x/D = 9.00.

Figure 7.- Continued.
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Figure 8.- Continued.
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(a) x/D= 1.50.

Figure 10.-Variation of pl/poo, ql/qoo, M1/Moo, and V1/Voo with z/D

of Viking Entry Vehicle at Mach number of 1.20, y/D = 0, c_ = 0 °, and

Reynolds number of 13.80 × 106 per meter (4.22 × 106 per foot).

in wake
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Figure 11.-Variation of pl/poo , ql/qoo , M1/Moo, and V1/Voo, with z/D

of Viking Entry Vehicle at Mach number of 0.20, y/D = 0, a = 5o, and

Reynolds number of 3.97 × 106 per meter (1.21 × 106 per foot).
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(b) xlD = 7.00.

Figure 11.- Continued.
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Figure 12.-Variation of pdpoo, ql/q¢o , Ml/Moo, and V1/Voo with z/D

of Viking Entry Vehicle at Mach number of 0.40, y/D = 0, (_ = 5 °, and

Reynolds number of 7.54 × 106 per meter (2.30 × 106 per foot).
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Figure 12.- Continued.
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Figure13- Variationof Pl/P*'q,/_' _l/_*' andV_/V__._ z/_ in_a.e
of Vikin6 Entry Vehicle at Math number o_ 0.60, y/D = 0, c_ = 5o, and

Reynolds number of 10.40 x 106 per mete_ (3,1"/x 106 per foot).
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Figure 14.-Variation of pl/Poo , ql/qoo , M1/Moo, and V1/Voo with z/D

of Viking Entry Vehicle at Mach number of 0.80, y/D = 0, a = 5°, and

Reynolds number of 12.30 × 106 per meter (3.75 x 106 per foot).
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Figure 15.-Variation of pl/poo , ql/qoo , M1/M_o, and V1/V _ with z/D

of Viking Entry Vehicle at Mach number of 1.00, y/D = 0, e --- 5 °, and

Reynolds number of 13.75 x 106 per meter (4.19 x 106 per foot).
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Figure 16.-Variation of pl/poo, ql/qoo, ML/M_,and vi/v _ with z/D

of Viking Entry Vehicle at Mach number of 1.20, y/D = 0, a = 5°, and

Reynolds number of 13.83 × 106 per meter (4.22 × 106 per foot).
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of Viking Entry Vehicle at Mach number of 0.20, y/D = 0, _ = 10 °, and
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Fi_ire 17.- Continued.
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of Viking Entry Vehicle at Mach number of 0.60, y/D = 0, c_ = l0 °, and

Reynolds number of 10.40 × 106 per meter (3.17 × 106 per foot).
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Figure 20.-Variation of pl/Poo, ql/qoo, M1/Moo, and V1/Voo with z/D in wake

of Viking Entry Vehicle at Mach number of 0.80, y/D = 0, a = 10 °, and

Reynolds number of 12.30 × 106 per meter (3.75 × 106 per foot).
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Figure 21.-Variation of pl/Poo , qb/qoo , M1/Moo , and V1/Voo with z/D in wake

of Viking Entry Vehicle at Maeh number of 1.00, y/D = 0, a = 10 °, and

Reynolds number of 13.75 × 106 per meter (4.19 × 106 per foot).
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Figure 22.-Variation of pl/poo, ql/qoo, M1/Moo, and V1/Voo with z/D in wake

of Viking Entry Vehicle at Mach number of 1.20, y/D = 0, cx = 10 °, and

Reynolds number of 13.83 × 106 per meter (4.22 × 106 per foot).
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Figure 22.- Continued.
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Figure 22.- Continued.
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Figure 22.- Concluded.
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